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Summary: Application of slurry from swineherds infected with multi-resistant Salmonella Typhimurium
DT104 (MRDT104) to arable land is considered a hazard for transmission to wildlife and farm animals,
and in Denmark slurry from such herds must be ploughed in. We investigated the effect of 4 different
application methods on survival of Salmonella and E. coli in a plot study. Both organisms could not
be detected at any time following ploughing in of contaminated slurry. Following harrowing, injection
and hose application, Salmonella and E. coli could not be detected after 7 and 21 days, respectively.
The results suggest that alternative methods may be considered for application of MRDT104 slurry.
Keywords: ploughing, harrowing, slurry injection, hose application, bacterial decay.
Introduction: In Denmark, slurry from herds infected with multi-resistant Salmonella Typhimurium
DT104 (MRDT104) has to be ploughed in according to current regulations. This decision is based on
reports suggesting that MRDT104 is more hazardous to human health than other S. Typhimurium. An
unsolved question at the time the decision was taken was to which extent this costly measure could
actually reduce the risk of transmission to wildlife and neighbouring farms. An MRDT104 infected
swineherd can only get exemption from ploughing in if it has a low (<0.1 cfu/g) or moderate (<1 cfu/g)
infection level. To assess alternative ways of slurry disposal, we carried out a plot study to determine
the survival of MRDT104 in slurry from MRDT104 infected swine herds applied to arable land.
Materials and Methods: The study was carried out in Denmark in an MRDT104-infected swine herd
during spring 2002. Eight samples were taken from the slurry tank prior to spreading. Subsequently,
slurry was spread on farmland in four ways: (1) hose applicator on black soil followed by ploughing
and harrowing; (2) hose applicator on pre-ploughed, black soil followed by harrowing; (3) hose
applicator on a field with winter wheat without further soil treatment; (4) slurry injection into soil on
a field with winter wheat. Following spreading, eight soil samples were collected from each plot on
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day 0, 7, 14, 21, and 28, and analyzed for Salmonella (qualitatively, detection limit log 0 cfu/g) and E.
coli (quantitatively, detection limit log 1 cfu/g) using standard bacteriological methods.
Table 1.  Detection of Salmonella Typhimurium DT104 and Escherichia coli in soil over time following
application of pig slurry on farm land by four different methods (number of positive samples/total).
Results: Pre-spreading soil samples collected from all four fields were negative for both Salmonella
and E. coli. All pre-spreading slurry samples collected from the tank were positive for Salmonella (0.2
cfu/g) and E. coli (log 5 cfu/g). Neither Salmonella nor E. coli was detected on the plot that was
ploughed in following slurry application. Salmonella was only detected on day 0 (8/32 positive) and
in 1 sample on day 7 (Table 1). E. coli, which was used as an indicator organism, was detected on
day 0, 7, 14 and 21, but no longer on day 28 (Table 1). Quantitative analysis of E. coli data showed
that there were only minor differences in bacterial decay between the three remaining application
methods (see Fig. 1). By day 28, the number of E. coli bacteria in the soil had fallen below the detection
limit for all application methods. 
Figure 1. Survival of E. coli (mean cfu/g
+ SD) in pig slurry applied to farm soil
following ploughing and harrowing (Ø),
harrowing only (Å), slurry injection (r), or
hose application without further soil
treatment (£). Detection limit for E. coli
is log 1 cfu/g.
Discussion and conclusion: The Salmonella level observed in this study was comparable to that in
the majority of 62 Danish swineherds infected with MRDT104 in 2001/2002. Less than 15% of these
herds had high Salmonella levels (>110 cfu/g, determined by the Most Probable Number method),
suggesting that Salmonella levels in naturally contaminated swine slurry are low. This is in accordance
with previous Danish investigations. The results showed a rapid decline of both Salmonella and E.
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coli levels, suggesting that alternative methods of slurry application may be considered in MRDT104
infected swineherds, regardless of infection level. The different pattern of decay for slurry injection
is due to a sampling error on day 0. Linear extrapolation suggests that the actual E. coli counts on
this plot on day 0 probably were at least log 3.5 cfu/g. This study also provided input parameters for
a simulation model estimating survival of Salmonella when slurry from clinically and subclinically
infected swineherds is applied to arable land (see Alban & Boes, in this issue). 
Control on the Illegal Use of Clenbuterol in Pigs 
In Hong Kong 
Dr Thomas SIT and Dr Gloria TAM
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Clenbuterol is a beta-agonist normally used for the treatment of chronic obstructive pulmonary
disease in horses (Adams 1984) and management of parturition in cattle and sheep (Sasse 1987).
However, it also has leanness-enhancing effects when included in the feed of several livestock species,
including swine (Ricks et al., 1984: Anderson et al., 1990; Mersmann, 1998).  Studies on improved growth
promotion associated with beta-agonist in feed first appeared in the literature in the early 1980s
(Baker and Kiernan 1983, Baker et al. 1984) Significant improvements in food conversion ratio were
found in a large range of livestock species, including cattle (Allen et al. 1997), sheep (Hanrahan et
al. 1987), pigs (Jones et al. 1985) and poultry (Dalrymple and Ingle 1987).
Clenbuterol has not been approved as a feed additive by many countries in the world because its
residues remain in tissues of treated cattle and pigs and resulted in human poisonings (Pulce et al., 1991;
Salleras et al., 1995; Sporano et al., 1998).  Levels of clenbuterol in animal tissues have been reported to
range from 375 to 500 ppb in calf liver (Pulce et al., 1991) to 500 ppb in calf muscle (Maistro et al, 1995).
To minimize the potential risk to public health, a maximum permitted residue level of 0.5 ug/kg has been
introduced by the European Union (EU) in 1992 (Report, 1992).  In North America, the illegal use of
clenbuterol came to the attention of meat inspection officials in the United States and Canada in 1988
(Mitchell 1997 CVM).  In 1991, the Food Safety and Inspection Service of the US Department of Agriculture
announced that it would condemn meat tested positive for clenbuterol residues.
Although many countries have banned the use of clenbuterol as a growth promoter, the economic
advantage associated with its use has encouraged the continued abuse of this and other beta-
agonists.  In 1993, monitoring programmes in EU countries for beta-agonists detected between 0%
(UK, France and Denmark) to 7% (Italy) positive samples (Kuiper et al. 1997). 
In Hong Kong, clenbuterol hydrochloride is not registered as a pharmaceutical product for use in
livestock.  However, in May 1998, a number of citizens developed tremor and palpitation after
consuming pig offal containing clenbuterol residues.  Live pig and meat traders were approached
for withdrawal of pig offal from sale.  Later in August, a rapid testing programme was introduced in
slaughterhouses to screen out pigs fed with clenbuterol coupled with a tattoo identification system
to trace pigs to their farms of origin.  The system proved to work effectively.  Pigs tested positive were
detained and could be traced back for further management, including possible prosecution of their
owners.
From 1999 to 2002, over nine million live pigs were slaughtered for local consumption in Hong Kong.
All pigs must be screened negative for beta-agonists before being slaughtered.  Urine samples were
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